Hu I
l* vr

7 (.5225
8 \5461
9 1.5702
0 3.5951
1 0.6208
2 0.6472
g3 0.6/47
0.7032
0.7329
0.7641
0.7965

* 0.8308
n 08673
#0  0.9062
05 0,9481
92 0.9936
o3 1.0436
9~  1.0994
95 (1.1631
96 1.2379
>z 1.3299
98  1.4522
99 1.6450
99.5 1.8214
00 +QrO
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Thus "v" In No, (bl) above can be regarded as an
indirect measure of the cumulative frequency on the lognormal
curve, and the relation between these two quantities can be
established directly from any set of tables of areas of the

Normal Curve.*

Thus w ¢ function of cumulative frequency (wnich, from No.(60))

“aV2 log x - aNF log m+* (63)
or -2- =a log x - a log m+A- ..., (64)
V2

This equation is a straight line formula of the type

Y * KX + C
whereY =*=, X * log x,

K * "a," determines the slope of the line
and C “ (fi- - a log m), is a constant * intercept on Y axis.

As will bo shown tliir leads naturally to a simple

graphical straight line fit for the lognormal curve.

2. Logarithmic rt’Qbabillty_Paper.

Table S reflects the values for cumulative
frequencies corresponding to values computed from tables
of areas of the normal curve?*and from Nos. (61) arw (62)
above.

Thus if the values are plotted as aoscissae on
ordinary graph paper, the corresponding values of the cumula-
tive frequency percent can be marked off on this scale
as illustrated in Diagram No. 3.%*** Nowf Ly taklng a 1lo* * |
rlthmic scale for the ordinates as indicated, the logarithms
of the gold values corresponding to the various cumulative
frequencies as observed, can be plotted, and should for a true
lognormal distribution result in the straight line oi

equation/...

¢E.g., Ref. 4, p.237 & Rof. 24. *-*Rof. 24.

***Seo map pocket,
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equation No, (64). The extent to which deviations f”a' a
straight line c-.n be expected will be discussed in a subse-
quent paragraph,

A practical example is provided by the fitting of a
lognormal curve to the observed frequency distribution of the
inch-dwt values of 28,334 development sampling sections from
an area of about 42,000,000 »q, ft., (14,000 ft. on strike x
3,000 ft. on dip), on Mine A, This observed distribution,
when plotted as a frequency histogram, yields the step diagram
shown on Diagram No, 2 (see opposite), and when plotted on
log probability paper, results in the series of points shown by
small circles on Diagram No. 3. The straight line AB on the
latter diagram provides an excellent fit for these plotted
points and converts back ir to the corresponding lognormal
frequency curve shown on Diagram No, 2,

Referring to Diagram No. 3> the following examples
of plotted points are self-evidentJ-

Up to a value of 150 inch-dwts the number of values

counted were 9,558 out of 28,334

=33.756 cumulative frequency.

Up to a value of 400 inch-dwts the number of values

counted wore 20 939 out of 28,334.
m 73,9, Ccumulative frequency.

The graph paper as constructed for Diagram No, 3 is
known as logarithmic probability paper* and has been used in

many branches of applied statistics.

Reference to No. (64) above reveals that the slope
of the plotted line of against "log x" is a measure of
the parameter "a" of the distribution. A convenient measure

of the alone of the line would bo the difference between the
"log X "/...

*Rof. 10 & Ref. 11, P. 189*

Qi @



"log x" values corresponding to a fix>d horizontal interval,
say, that between the cumulative frequencies of ., % and 90#.
At these two frequencies the "-~r"values are
-0,9062 and +0.9062, respectively. Thus, from No (64)
-0.9062 e a log x10 - a log m+ji- ... (65)

and +0.9062 <=a log Xgv - a log m +...... . (66)

where x10 - x value corresponding to 10% cumulative
frequency

and XgQ = x value corresponding to 90% cumulative
frequency

From which

1.8124

log x90 - log XI0 (67)

But as the logarithmic scale on the diagram has been
constructed from common logs, i.e. logs to the base 10, and
since

logG x * .'?7.j02585log10x

a ju fia
2.302585(1C%10%90 - 1°eioxio)

/87111

N (1)
log10X90 - io*10

"

IThe table of values of "a" corresponding to values

of (loe10x90 - logio%lo)' shovn on tke right-hand side of
Diagram No. 3, has boon calculated from equation No. (68), and

erubles the value of "aMto be interpolated when

(lo«10%90 - :I°8iux10) haS be6n rcad 0ff 0,1 thG Settle °f
"leg x" (on the right-hand side of the graph).

It should be noted "hat as the slope of the lino
decreases and approaches the horizontal, the value of

00,10X90 - log)0*10) will appro-ch zero Md will conre.

quentli' approach Infinity. A very stoop line Is, therefore,

indicative/...



indicative of a very skew and sharply peaked curve with a
.<e coefficient of variation, whereas a very flat line
represents a distribution approaching the '"normal." (See
Chapter III, paragraphs 5 and 6.)
SaHEIS* For the distribution represented by the line AH on
Diagram No. 3
1°610x90e 2.%
lo®10*10 * 1.83
1°610x90 « 1°8io 3o I 1.Q3
, . "alin Column 1 of the table on Diagram No. 3 corresponding

to this value of (log”"x” - logl()x10) is interpolated as

I

k, Gi&yhXc; _jleter mlnation of the Arithmetic Mean.
From No. (64)

-aﬁ * log x - log m+2é‘2

therefore, when x = m, log x = log m

, and — * ..., (69)
aV2 4a?2 V2 4a

The position of the mean on the straight line on

Diagram No, 3> therefore, corresponds to a value for -~~~

« in v'2
of and thus to a cumulative frequency dependent only on
the value of the parameter "a." Having determined '"a"

graphically as outlined in paragraph 3* therefore, this value
of "a" can be substituted in equation No. (69) in order to
determine the cumulative frequency corresponding to the moan
value. To facilitate determinations and +0 a?low direct
Interpolation of the relevant cumulative frequency values,
the further table of these cumulative frequencies against
various values for "a" is also reproduced on the diagram.
Determination of ths mean value, therefore, merely
Involves the interpolation of the cumulative frequency

(corresponding to the mean value) from the already known value
of/...



of "a" (paragraph 3), ani the leading off of the value of "x"
on whe line “tc this cunrulsitlve fi*6Qu<?ncye
It 13 evident cn examination of No. (65) that for
l€.rge values of "a," -&= corresponding to the mean value will
approach zero, (i.e. a cumulative frequency of 50/6), and that
for sma]1 values of ’a," i.e. fw* very skew and peaked curves,
the mean value will correspond to a relatively high cumulative
f-fluency,
e.g. when "a" = 0.5
the cumulative frequency at mean value c¢ 76%
In this caSo, therefore, more than three-quarters of the
total number of values in the population will lie below
the mean value.
Example: For the distribution represented by line AB on
Diagram No. 3
q" * (0,764 (see paragraph 3)
. * Cumulative Frequency at mean value * 67.8% (see Col’unn 3 In
table on diagram)
Value on line AB corresponding to this cumulative frequency

percentage = 340 inch-dwts “ mean value.

5. Graphical Observation of Nou-homogcnelty of a Distribution.
A detailed discussion of the effect of combining two
lognormal populations and the resultant biocdal curves, tails
outside the scope of this thesis, and the specific examples on
Diagram No. 3 are given merely as illustrations of the types cf
curves which will be obtained on logarithmic probability paper
when the sample values arc not representative ol a truly
homogeneous lognormal population.
Example It The combination of the two lognormal populations
with the same parameter "a" as represented by the two straight

lines (D and FF will result in a type of S curve, shown dotted

is GHI



Ex&qpje.2: The combination of two lognormal populations with
different 'a's Ifis represented by the two straight linos JK and
IMwill yield a curve of tho typo shown dotted as NOP on the

diagram.

6* . i” °n 2f. Lbe fkscncc of M %tlpe
% Loweit Values, o.g. when only the ore reserves above
the pay limjt are plotted.

Lino QR8 on Diagram No, 4*represents the complete
population (with mean u . dwts/ton and "a" 1 ,7) and the
curves TUV and VXY represent the position when only the values
above '"x" values of 2 and 3 dwts/ton, respectively, are plotted
as if they are complete populations. These two curves,
therefore, indicate the type of curve resulting from the plot
of a Payable Ore Reserve tonnage distribution without any

allowance for the tonnages of unpay ore below the pay lim it,

7. Confidence Zones.

The question now naturally arises whether a limited
number of values drawn from a lognormal population will give
a straight line plot on the log probability paper, and if not,
to what extent the plotted points can deviate from straight

lino due solely to the operation of chance in drawing the

relevant values.

Per this purpose a brief reference to the th -cry of
probability,and more particularly tho binominal theory as
applied to probability,is required.

The foUowin, theorem** can be directly applied to

our problem:-

Lot p - probability that an ovont will happen In a single

trial

and q - probability that this ovont will fall In a single

trial

€2 —p Then/. *«

¢See map pocket, **Rof. 6» P»



Then the probability that the event will hapeorv "x" times
in "s" trials

B C(s,x)pxqgs-X

vhoro ¢(3>") =

Assume a lognormal population with parameter "a” and
moan value such tluit, say, 20)6 of the values lie below a cer-
tain value, say, 100, and 80$ above it

Then in the above formulae

p e .2 (i.e. the probability of striking a value loss
than 100)

o = ,8 (i.e. the probability of striking a value in
excess of 100)

Drawing, say, 5 samples at random from this popula-
tion, i.e. s * 5, the probability that of these 5 values, 2

will lie below 100 and 3 above, is determined as follows:-

s *5 x *2

Probability * IT('2)2(.8)"

A(.04)(.512)

- alSttS

i.e., there is approximately a 208$, or 2 in 10, or 1 in 5

chance of this happening.

If this known population is represented by a straight
line on log probability paper, a cumulative frequency of 20*
would correspond with an value of 100 (as stipulated
above). Ifi however, only 5 sample, are drawn from this
population, there Is a 1 In 5 chance that the plotted data

would indicate a Uo* cumulative frequency of those 5 samples,
(1.©./



TABLE 6

Cumulative Fregaefrcles

Cumulative . *equencies of Parent Population
| 90 | 95

N 5 10 | 20| 30 | 40 | 50 | 60 | 70
Sa(t)lff Outer limits of cumulative frequencies
ples  ohe chs«erved cumulative frequency should
probability
% $ % % % % $ $
10 *28 38 53 66 77 8 9% 100
4 0 0 0 0 6 13 23 34
15 23 32 46 58 69 79 87 95
4 0 0 0 5 13 21 31 42
20 * 19 28 42 53 65 74* 8 92
4 0 0 2 8 17 25 3§ 47
301 16 24 37 48 60 69% 79 87
6 0 C 5 13 21 30*% 40 52
s0 13 20 33 44 55 65 74 83
4 0 2 8 17 26 35 45 56
100 * 10 17 28i 40 50 60* 70* 79%
4 i 4 12 20 29% 39* 50 60
250 * 8 14 25+ 36* 46* 57 67  T6*
4 6 15 23* 33 43 53  63*
1,000 * 6i 12 22* 33 43 53 63 73
6 .35 8 27 37 47 57 67
*Urper Limit
<Lower Limit

Example: If 20 samples are drawn from

Is a 95* change of the value which, In

| 80

between which
lie to cover

100
47
100
54
98
58
95

63
92
67
88
71%
85
74%
82*
77%

%
100
62
100
68
100
72
100
76
98
80
96
83
94
86
92
8d

100
72
100
77
100
81
1A0
64
100
87
99
90
97*
92
96*
93*

a kn<wn population there

fact, corresponds to a 30$

cumulative frequency in this known population, being found to

correspond with a cwmulatlvb frequency lyiig between 8% and 53§

in the distribution of the 20 samples.

(i.e., 2 sam
In

deviation fr

lation) oc

population

involved is
calculation
approximatli
normal law
K
the plotted
permissible
theoretical
say, 0.95 ct
1 in 20 of dl
has been pre|
A
zones is piv<
population
this diagram
straight line
and that cv:
straight Hi
Pri
sots of samp:
lation corrci
No. 4, uro si
FGH corrcspor
sample values

Population.

*Rofe 6, p, 2



95

any
a 954

100
72
100
77
100
81
100
34
100
87
99
90
97i
92
96"
93i

Here

a 30"
to

53*

Cl.e.j 4 samples out of 5) up to an :x" value of 100.

In this fashion, the probability of any stipulated
deviation from the straight line (representing a known popu-
lation) occurring for any number of samples drawn from the
population can be calculated.

When the numcer of samples is small, the calculation
involved is fairly simple, but as the number increases, the
calculation becomes more and more laborious and a reasonable
approximation is then permitted by the application of the
normal law of probability.*

For the purpose o:* a quick graphical check of whether
the plotted points on log probability paper can bo regarded as
permissible deviations from a straight line representing the
theoretical parent population, a confidence coefficient of,
say, 0.95 can be adopted, i.e. a probability of 5 in ICO or
1 in 20 of deviations exceeding those calculated. Table 6
has been prepared on this basis.**

A graphical illustration of those 95* confidence
zones is given by dotted lines on Diagram No. 4 for an assumed
population with "a" r 0.65, and mean m *77 (line A3). From
this diagram it is evident that considerable deviations from a
straight lino can occur when the number of samples is limited,
and that even when a 1,000 samples arc available a dead
straight lint cannot be expected.

Practical examples of the distributions obtained in
sots of sample values from an observed 1, “normal parent popu-
lation corresponding approximately to the lino AB on Diagram
No. 4, are shown on this diagram by moans of the lines (DE and
KX corresponding to the observed distributions of 72 and 360

sample values, respectively, drawn at random from the parent

population. /

Tvy #**

¢Rof. 6, p. 21. "Com piled from graph In Rof.U - =-« oppoalto.



It should 'r? stressed that If an observed distribu-
tion yields a Plotted line falling entirely within the

relevant confidence zone, the evidence is by no means conclu-
slver* that the parent population from which the sot of samples
was drawn is lognormal and represented by the straight lino on
which the confidence zone is based. The confidence zones do,

however, provide some moans of sensing the extent of devia-

tions from a straight lino which can bo met in practice,

When a straight line is fitted graphically to an
observed distribution of values on log probability paper, it
is obvious that the slope of ti.e lino will have to conform to
the general trend of the plotted points, (corresponding to the
observed cunrulati-o frequencies), and that the intersection
point of this line on the 50# cumulative frequency ordinate,
(i,the central ordinate) will have to represent approximate-
ly the moan of the log value* corresponding to all the plotted
points

Now, since the slope of the straight line determines
the parameter "a" of the theoretical lognormal distribution
and the central ordinate, (i.e. log value corresponding to the
~0%-cumulative frequency lino), determines the geometric mean

this distribution, the fitting of tnis straight lino is
virtually equivalent to estimating the parameter "a" (and

ii
hence the variance 2a* the distribution of the log? of

the/,..
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the observed values), as well as the geometric mean of the
observed values (and hence the mean of the logs of the
observed values), graphically from these observed values.
Referring back to Chapcer III, paragraph 13(b), It will be
evident, thoreioro, that the mathematical fitting of the log-
normal curve from the calculated variance and moan of the logs
of the observed values, is virtually equivalent to the graphi-

cal fit discussed in this Chapter.

CHAPTER V/...



———————————— ON W ATWATERSRAND_ M" ES

ihe folloving is a brief resume )f the history of
ths introduction of the idea and methods of frequency weight-
ing on the Witwatersrand.

3ased on work done oy A. 15 Hooper,* Professor
Watermeyer** suggested in 1919 that the observed values
for a stope face or block should be weighted according
to their relative frequencies of occurrence shown by the
smooth frequency curve established for the relevant mine,
section of mine, orreef, from a larger number of samples.
Since hife». values have relatively low frequencies, and
low values, high frequencies in any such curve, (a fact
self-evident from a glanel at any lognormal curve), such
a method of weighting would in general result in lower
avert ee values than those obtained from the orthodox
arithmetic means of the relevant sets of samples, and
could, therefore, possibly be regarded as a "satisfactory"
method for improving the a called Mine Can Factor,
Such a method with an apparently sound statistical back-
ground , would also overcome the anomalies inherent in all
the empirical methods of reducing or "cutting" high and
apparently anomalous values,

A method of frequency weighting was intr*uced on

the West Rand Consolidated Site by Hooper, and is still

in/...

¢Farmer Chief Surveyor, West Hand Consolidated Mine,
¢+¢Refs. 13 & 14.
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in use. In a recent paper,* R. J. r. Pfirkln explained
in detail the application of the various master frequency
curves for the individual reefs and sections of the mine.
A somewhat similar method of frequency weighting was also
consistently supported by the late Professor Truscott**
even a: recently as I9V7.***

The basic argum-.nt used in favour of these methods
has evidently boon that a block is only sampled around its
periphery, this process yielding what could be termed a
"linear" frequency distribution of values, whereas the actual
distribution for the whole block would consist of all the
possible suuiples which could bo taken throughout the whole
extent (or inside) of the block. The contention is, therefore,
that by weighting zha observed values by their relevant fre-
quencies of occurrence, the unknown missing values in the
interior of the block would be compensated for. The question
as to whether dwts/ton or inch-dwts should be employed has
already boon dealt with in Chapter I. It seems, therefore,
that if it can be shown that the distribution of inch-dwt
valu j around the periphery of a block is within practical
lim its, fully representative of the actual distribution of all
the possible sample values in the block, the basic argument
used in favour of frequency weighting would fall away.

The only practical method of investigating this
problem is by examining che distribution tope sampling
values on a grid pattern for an already worked out area, or
alternatively, the distribution of development values from a
development grid for a large section of a mine.

This method of investigation is based on the assump-

tion that the distribution of values obtained from a regular

grid of sampling sections covering an area will be
representative/,.,



representative of the distribution of all the possible samplii*
sections for the area. Provided such a grid is reasonably
fine in relation to the size of the area involved, there
appears to be no sound argument to be advanced against this

assumption.

(a) Ifly&gUga_t,lon based on development sampling values»
All the development sampling results of the section of Mine A
roicrred to in Chapter IV, paragraph 2, wern employed for the
purpose of " is investigation. The drive-raise grid in this
area, which measures some 42,000,000 sq. ft., consists of
9 main drives with 360' backs and 21 lines of raises 600’
apart, sampling sections being at 5 foot intervals.

The frequency distribution of all the *.8,334 values
on this grid was comrared with that resulting from the employ-
ment of only the peripheral values totally 5,147 along the top
and bottom drives and the outer lines of raises. The two
distributions obtained were plotted on log probability paper
and found to be identical for all practical purposes. A

comparison of the percentage cumulative frequencies obtained

for the two distributions is given in Table 7 below.

TABLE 7

Inch-dwt vel- .
uo c-itogory 75 100 150 200 =& 350 500 750

from zero toi-

Distrlbutiom 11.7# 19.3# 33.7# 45.7# 55.2# 69.1# 80.8# 90.6#

of grid
values

Distribution 11.0# 18.5¢ 33.3# 44.5# 54.1# 68.5# 80.2# 90.0%

of peripher-
al values 1
| S— SN |

(b) Investigation based on StaES- gftBPUHK A

.top, sampling plan was prepared for a stoped out section of

Mine A measuring some 530 ft. on strike by 1,800 ft. on dip
(960,000/ ...



(960,000 3q. ft.), and the distribution obtained from 2>438
sample values on a 20' x 20' grid vas compared with that of

the 310 samples taken along the periphery of the area. (See
Table 7A.)

IA3LE 7A

Inch-dwt val-

ue category 125 175 225 275 325 425 550 800
up to!—

Distribution 14.1% 23.8# 33.3# 42.7# 51.3%# 63.8# 75.5¢4 87.1#
of grid

values

Distribution 11.0# 21.9# 32.6# 40.0# 49.4# 60.6# 72.34 86, I#
of peripher-

al ValVaeJ

Bearing in mind the relatively small number of
values, i.e. 310, constituting the 2nd distribution, the agree-
me. between the observed cumulative frequencies appears

reasonable.t %

(c) Conclusions re free lencz weighting vf valUSa' It can
fairly be concluded from the above results that sampling values
obtained in the customary way, i.e. by sampling around the
periphery of a block, are reasonably representative olthedis-
tribution of all the possible sample values throughout the
block and, therefore, that the arithmetic mean of such
"peripheral” inch-dwt values provides an unbiassed estimate of
the true average (sample) dwt value of the block.,* The
reliability of such an estimate** will naturally increase with

an increase in the number of available sample values.

%o
(a) General: As shown previously (Chapter III, paragraph
3), the relative shape of the lognormal curve is determine!

entirely by the parameter "a," which in turn “erminIS

ii*lded the location, o/ arc not bi*ed - s*"TtSKTT

*~Disregarding tha question of any bias Introduced do, to
'eoversampling!l
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slope of the corresponding straight line on log probability
paper (Chapter IV), as well as the coefficient ¢" varlatlc
(No. 10(a)), I.e. the relative variation between the values
const!uuting the lognormal distribution concerned. It Is also
evident l1rom No. 10(a) that as the relative variation between
the sample values constituting a lognormal distribution in-

" will decrease in value.

creases,'"a

In dealing, for example, with the incomes of the
members of a population, it Is only natural to expect a larger
relative variation between the incomes of members of a town's
population than between those of members of the population of a
suburb of such a town. Similarly, it can be erpected that
gold values in a whole mine will be subject to a larger rela-
tive variation than those in a portion of the mine, and henee
that the relative variation between gold values will tend to
increase (and the parameter "a" will tend to decrease) with an
increase in the size of the reef area concerned.

This general conclusion regarding the trend in the

value of "

a" can also be arrived at on the basic assumption
that the size of a reef area determines the "a" of the distri-
bution of the sample values within such an area and, therefore,
that reef areas of equal size* have identical "a's." Consider
a number of reef areas of equal size constituting a large block
of ore. If, in addition to identical "a's" such reef areas
also have identical mean values, the distributions of the
sample values within such areas will be Identical (see No. 3),
and their combination wcul yield a further Identical dlstrlbu-
tion for the block of ore as a whole.

It Is an observed fact, however, that In general the
mean values of reef ares, differ, I.e. that thslr 1, a varia-
tion between such mean values, and It Is evident therefore

in combining the distribution, of a number ofjm all reef area.

the areas



With identical "a's" (or relative variations), a further
variation will be introduced, resulting in an overall relative

variation for the values within the block of ore, larger than

>

that of each of the constituent small areas. An increase in

the size of reef a~ea can, therefore, in general be expected -
to be accompanied bj an increase in the relative variation

between the gold values within the area, i.e. by a decrease in

n n

the parameter "a.

The same arguments apply in reverse and the relative
variation between values could, therefore, be expected to
approach zero as the size of area becomes infinitely

small. From a practical point of view it would, for
example, be natural to expect the relative variation in
respect a "standard" size reef area, i.e. the area

represented by a single sample section, to be zero.

There must, however, always remain some variation even
within such a small area due to the human factor, e.g.
sampling and assay errors, i.e. if it were possible to
resample a particular sampling section several times (by
replacing the s&mpled materia] each 1ime after assaying),
differing values would be obtained due to the introduction
of these human errors.

From a practical point of view the only way in which
it could be proved that the value of "a" decreases with an
increase in the size "if the reef area concerned, and that
within a particular rcin® or section of a mine, reef areas cf
equal size have identical "a's," would be to obtain a suf-
ficiently large number of sample values in respect of each of a
number of reef areas covering a wide range of sizes. The use
of existing records on a mine will, therefore, only prove
useful for those areas in respect of which relatively large
numbers of sample values are generally available. The extent
to which such records can, however, seive to provide some

measure of practical proof of the general conclusions arrived

at above will be shown in subparagraphs (b) to (c) below.

(b) In r Inw rMID°ct rrintl M 1Jt-Huxa

trea.: All the development sampling values from drives

section/...
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section of Mine A referred to In paragr.oh 1 above, .ere ana-
lysed by dividing this section Into sets of equal site areas
ranging down to areas measuring some VH) ft. x 360 ft. In
the latter case only the values from two WO ' lengths of
driving separated by a 360’ length of back were available for
each area, out even this limited number of values could in
every case be fiited with a lognormal curve. The frequency
distributions of the sets of values available in respect of all
these individual areas wore established and plotted on log

”"

probability paper, and the "a" in each case determined graphi-
cally as explained in Chapter IV. The results can be tabu-

lated as follows

TALYE .J
Size of No.of too. ot Values Aver-,
area areas sample determined age
Area Sq. ft. invol- values for "a" value
ved per for
area "a”
1. Whole Section 42,000,000 1 16,934 0.750 0.750
2.1200»x3300' 14,500,000 1 5,960 0.787 0.787
3.1760' xXIMtO' 2,500,000 1 1,600 0.820 0.820
4.1320,x1440° 1,900,000 2 1,200 0.837, 0.829 0.833
5.1320«x1080« 1,400,000 3 960 8'3%2’ 0.842 0.826
6.1640'x 720' 1,200,000 2 1,440 0.805, 0.865 0.834
7. 880'x 720" 650,000 10 480 0.826
.856, .78% .772,
716
8. 440'x 360" 160,000 28 160 0.645 to 0.984  0.824

>1 —

«;3""v% 3'"*"S&r'"":TM :a,;:apK *°/:nd W=h: and

2

Iving for "a” in the equation:

2nd moment * 2

with the following results;- Areal/...
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Areat 880" x 720" ("a" graphically  _s gg¢
("a" calculated 0.910

nyn

("a" graphically 0.782?
("?" calculated 0.789

440" x 360* ("e" graphically  0.673
("a" calculated 0.704
The graphical determinations of the Indicated "a's"
for the 440' x 360' blocks must be accepted with reserve since
the number of samples Involved is small. and it would therefore
be preferable to calculate the indicated "a*s" for these blocks.
For all the other size areas, the graphical determinations can,
however, be regarded as sufficiently close for all practical
purposes.)

(c) Development values in email areas: For the purpose of

2

estimating the "als” in respect of relative small reef areas,

the following assumptions are required:-

(i) that the Ir;h-dwt values of all the possible
sample sections even for arecas as small as, sa>35
10" x 10', will be *'.stributed lognormally.
(Such an assumption appears justified in the
light of the additional evidence furnished by
stope values for areas as small as 160' x 180’

in subparagraph (d) below), and

(11) that che "a's" for ' te distributions within
areas of equal size are identical (e question

which is dealt with under subparagraph (e) below).

Now, two sampling sections 5 feet apart can reason-
ably be regarded a, "random" sample value, drawn from a popu-
lation of values within an area of, say, 10' x 20 . S..mllarly,
samples taken In a 100 foot stretch of a drive (8' to 10' wide)
can b. regarded a, "random" sample values drawn from an area
measuring, say, 100- x 20', and those In a 400 foot stretch a,
"random" sample values from an area of- say, 400
this fashion, sample values In those small "development" areas

will represent sdbpopulatlon, of the parent population com-

prising all the sample values from the "'"“development grid.
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Since the distribution for this grid is known (No. 2 in Table 8),
and the distribution ¢! the moans of sets of sample values
drawn from the subpopulations in respect of, say, the 10' x 20*
areatt can be determined, formula No. (41) can be applied to
estimate the parameter "a" of the distributions of individual
values within the subpopulations themselves, i.e. within the
10' x 20' areas.

The distributions of the means of sample values in
all the 10', 100' and 400' stretches w.thiln the whole section
concerned, (i.e. No. 2, Table 8) wero determined. The "a's"
for the individual 10', 100' and 4-00' stretches were then
calculated by substituting in formula No. (41) with the

following results

:aBLE 2
(Parameter "A" of parent population, No. 2 in Table 8 0. 787-)
No. of Pannctcr Estimated
samples Pal‘.::l'll'l'eter
citr itch per of distri- a" .
* t f for distri-
length Area stretch N Elléalnzn .0 for distri-
in area con-
usraad-------—---—---—--
10' 10' x 20' 2 0.95 0.92
100’ 100' x 20' 20 < 1.574 0.82"
10 ( 1.514 0.856
r 5 ( 1.312 0.84?
2 ( 0.972 0.86?
Averagei 0.861
0.851
400' 400' x 20 80 1.968

In «h, case of 100 foot stretches,the application of

(41, vo, chocked from a t-r.ctlcol on,!, by t.kln«, firstly

.11 20 available value, per otr.toh, secondly 10 values only per

stretch (every 2nd value only,, thirdly 5 value, per stretch
(every/...
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(every 4th value only) and lastly, 2 values only per stretch
(the let and the 11th), and determining the "a”s” and the
Ha’s" for these different values of N. The values obtained

for "a" are sufficiently close to accept an average.

(d) Stone sampling values; The stoped out section
referred to In paragraph 1(b) above was subdivided fnto two
equal areas with a sampling grid of 12' x 20' In the one
case, and 20' x 20' In the other. These two equal area* were
further subdivided Into sets of equal sire subareas down to
a size of 180' x 180°'. The "a's" for the distributions of
the values from all these subareas were determined graphically

with the results reflected in Table 10.

No.of Np.oF Val-  Aver-

areas sam- u.e age
InwA- pies detap value

Area Size ved per mined for

area for "a"

non

a

Upper area : 121 x 20' grid 490,(}(50 1 2.040 0.8%6]
sq.ft.

Lower area t 20' x 20' grid
$40'x $40' : 12' x 20' grid 292,000
Sq,1t«

20' x 20' grid

360'x 360" : 12' x 20' grid

20" x 20' grid
180»x 180" t 12" x 20' grid g%#(ﬁl)g 11

20" x 20' grid



(e) W lyalg ?f the observed var”t.3?7ng in the "a's" for
diff@Z9Pt SflU&X Sitzo areas: Considering the results re-
flected in Tables Jos. 8 and 9 for development values and those
in Table 1C for stope values, separately, the expected tendency
of "a” to decrease with an increase in the size of the reef
area concerned (subparagraph (a) above), is discernable only
as an overall general trend, the "a's” for the range of sizes
of on reserve blocks being approximately constant. Similar
but less detailed examinations carried out on two other mines
revealed the same general trend. Definite conclusions in
resnect of a particular mine will, however, only be possible
when based on an even more detailed examination than that dis-
cussed under (b) to (<?) above, and supplemented where neces-
sary with additional underground sampling at close intervals.

The fact that stope values appear to yield larger
*ea's" than those obtained from development values for equal
size reef areas will be discussed in paragraph * seclow.

A further question now naturally arises, i.e. whether
the 'a's” for equal size areas are identical, i.e. whetner the
observed variations In the "a's" for equal size areas 'in
Tables 8 aid 101 are due merely to the limited number of
samples available In each case. The theoretical variation in
"a" due to the latter cause vas discussed In Chapter III, para-
graph 10(c), and the application of formula No. (38) to the

n 1

average "a's" in Tables Nos. 8 and 10 reveal the follcvin..-

For Table No. 8. (Development Samples):

The variations in the observed "a's' tor areas
measuring 1,320' , 1,440', 1,320" 1 1,080' and 1,640' x 720',
.11 fall within the limit, which can be accounted for by the
limited numbers of samples and a probability of 19 In 20.

The variations in the observed "a's" for the

880' x 720' ares, also f.U within the above lim it, except for



the three extreme values of "a," i.e.,0.900, 0.772 and 0.716
The last three determinations of "a," 1.e.,0,787, 0.772 and
0.716, are in respect of throe areas separated from the other
areas oy a fault break, and if these are disregarded and a new

n

mean "a taken or the remaining areas, the variations in the

n 1

a's” for these arers all fall within the stipulated limits.
The variations in the "a's" for the 'v,” x 360' areas

cannot all be accounted for solely by the limited number of

samples involved, This may be due to the fact that samples

from two drive stretches at the top and bottom of a block,

l.e. only 2 sides of the block, are not truly representative

of the block as a whole and are, therefore, not "random" in a

statistical sense.

For Table (Stopo Samples):

The va 'tations in the "a's" for the 360' x 360l areas
all fell within the stipulated confidence limits. It is not
possible to be specific for the 180' x 180« ar-as due to the
limited number of samples available and the consequent
inability of graphical determinations to give sufficiently cl &e
estimates of the relevant "a's." It seems likely, however,
that the variation in the "a's" for these areas can also be
accounted for (to a very large extent, at any rcte) by the

limited number of sample values available.

() Absolute conclusion, c.nnot be Ir.vn

from th above results, but the Inductions are that In
section, of mines, the site, of which will be dependent on
local conditions, specific values for "a" for different site
are. -, can be determined experimentally In respect of stop,
and development sampling results. Zven where it 1, estab-

I1shed experimentally that the "a's” for a definite site of

reef/...

¢Of reasonable shape.



reef area arc not identical, the determination of the range of
values which is actaally covered will serve a very useful pur
pose in improving tne standard of mine valuation.*

It is the writor's opinion that there is considerable
scope for fruitful research by interested mine valuators in
this specific direction.

The above investigations, as well as similar but less
detailed investigations on three other min#,, indicate that the
range of values of "a" corresponding to the range of sizes of
ore reserve blocks on a particular mine, Is relatively small,
but that the ranges of values covered differ from mine to mine.
It also seems that in practice the ”a" for values within ore
reserve blocks varies from about 0.65 to 0.8?,** and for

entire

0.75 **

strl butions for Pro Hoser*.”jgcKi.

fti) Size of samples: In this section "sample" refers to
the reef matter per "unit area" along the plane of the reef,
and for a mine as a whole the size of sample can, the.efo*e
theoretically vary from the minimum or standard si .e as

represented by the cross- sectional area of the channel cut in

sample is theoretically possible. In/
n/...

***See chapter I, paragraph 1.



In the case of the "standard" sample, the frequency
curve for the whole mine can be determined as indicated in the
previous paragraph. Similarly, by dividing the mine into
blocks of ore of a specific size, the average "a" for standard
size samples within such blocks can be determined and will be
of a somewhat larger value than the "a" for the mine.*
Regarding these blocks of oix now as larger '"samples" within
the mine, the "a" for the dlsti ibutton of the true mean

values** of these blocks can be determined from No. (40),

where am = parameter of distribution of mean values of
blocks, i.e. of the large '"samples"
A = parameter of distribution of values of

standard size samples within the mine

and a parameter of the distributions of values of
standard size samples within indl'idual blocks.
Based on the contention that "A" must always be

smaller than, or equal to, "a" (since the mine must be larger
than, or in the limiting case, equivalent to the block of ore),
it follows that "am' must always be larger or at least equal
to "a." Further, since for a specific mine A" Is fixed, and
accepting that "a" decreases with an increase in the size of
the block, "am» will Increase in value with an Increase in size
of the blocks or "samples," and will range from a value - 4
(when "a" - oo , i.e. relative variation wlihln block - o)

to oo (when "t" “ A, i.e. the "sample’h siZe * size of mine).

For/...

materlnllj- from section to section Ir a

repented sampling.
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for speci* Ic mine, therefore, the parameter "anM
for the frequency curve of "sample" values will increase with
.he size of "samples" taken within the mine.* In the present
case the actual curve of relationship could not be established
over the practical range of sample sizes, since the gap between
"samples" of "standard" size and those of the smallest blocks
of ore is too wide to allow of direct interpolation for sample

sizes of, say, double or treble the standard size.

(b) Ore.reserve distribution for Mine A: It will, however,
be interesting to check the above conclusions regarding '"sample"
sizes for "samples" of a size equivalent to that of the average
ore reserve block. The "Ore Reserves" on Mine A, including
all blocks of ore irrespective of pay limit, were analysed and
fotmrf to consist of blocks of an average size equivalent to
98,000 sq. ft., (31,380 tons over a stoping width of 46" = 270'
on strike x 360' on dip). Farther the tonnages of these
Mocks segregated into their different inch-dwt categories

gave the following frequency dlstrlbutlon;-

TABLE 11/.

S S SiiiSp-

numoers of sample values m



TABLE 11

Cumulative
fnehdwt DETORAS fonmaze up
tonnage limit of val-

ue category
0 to 100 0.6
100 to 125 0.6
125 to 150 4.5
150 to 175 2.3
175 to 200 9.2
200 to 225 4.4
225 to 250 9.4
250 to 275 5.6
275 to 300 9.7
300 to 325 5.6
325 to 350 6.4
350 to 375 5.1
375 to 400 8.3
400 to 425 4.3
425 to 450 4.6
450 to 475 3-2
475 to 500 2.5
500 to 550 5.0
550 to 600 4.5
600 to 700 2.9
700 to 800 0.5
800 to 900 c8

The frequency .l.tributlon of the torn¥,.. In the

,JJock, of ore, when plotted on loe probeMUty peper, eon be
'Itted practically without any latitude, with a s.rnlgh.

eepreaentlng a lognormal curve having an a
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Now, if the contention regarding the effect of the
alt. of "samples! on the relative shape of the frequency dis-
tribution is correct, the above value for "a" should also be
found by solving in equation No. (to), for “amp from the know-
ledge of the "A" of the frequency distribution of the values
of "standard" samples for the section of the mine containing
the above 11 d blocks of ore and of the "a" Indicated for
the values of "standard" samples In an "area" (or block of ore)
measuring about 98,000 sq. ft. Accepting the determinations
of "A" and of "a" based on grid samplings, (i.e. raises +drives
for the section of the mine concerned, andstops values for the
blocks of ore), the following is found:-

"A" for the section of the mine concerned * 0.764**
"a" for an area of 98,000 square feet m(.872%**

Then from No. (40)

-4 =) - =o3d
am A2 at
=135

The difference between this value and that obtained
directly from the ore reserve distribution above (i.e., 1.657)
is not significant and can probably be accounted for by the
fact that Individual block valuation is based largely on drive
and raise samplings which will probably yield an "a for

values within thf blocks somewhat below the 0.872 based on

stops values and employed above.****

It/...
sufficiently close approximation.
See Chapter TV, par. 3.
»r llueeo?00.858 1, required for to yield an "V of

1.617.



It may ilso be stressed that since the variation in
the customary sizes of blocks of ore appears to have only a
very slight, if any, affect on the "a's" for the values of
standard size samples within these blocks,(see Tables 8 and 10),
the average size of block for a mine will within reasonable
limits not have an appreciable affect on the relative shape
(i.e. of the "a”'s") of the distributions of the mean values
of such blocks within the mine. Also, where a mine operates
to a pay lim it, the percentage payability, i.e. the percentage
of the blocked out tonnage above the pay limit, can, from an
analysis of formula No. (23), be shown to be entirely depend-
ent on the relative shape of the oie reserve distribution
curve, i.e. on the value of "am" The conclusion, therefore,
that for practical purposes the "a*" will not be affected by
the average size of the ore reserve Mocks for a mine, suggests
that in practice the percentage payability of a mine will not
be affected to any appreciable extent by changes in the ivor”ge
size of the ore reserve blocks.* Detailed examination on
mines other than Mine A may, however, indicate that this con-

clusion cannot be applied in all cases.

] itns: The determination of

the theoretically Ideal lognormal curve which can he fitted to

the 8F& FEEEFVE fﬁﬂﬂz"t‘g@s g the average Wltwaterarand mine 1.

complicated by varlou, factor,, the main one, being:-

(1) blockilg 8F 8rg below the pay limit 1= net generally

done, 28 Hig percentage tonnage below the pay limit

is therefore unknown;

*Proviaea oiou®* = —mmmmm—r. ] .
samples per block - sec Ciuip. VI, par® le

L
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natural distribution of the tonnages of ore has
usually been upset due to past mining to a pay limit,

and the consequent accumulation of tonnages in the

categories below the pay lim it;

(ill) the varying sizes of ore reserve blocks which lead to
"samples'l of varying sizes. This factor is not in
itself very serious since the variation in the Mm's"
for ore reserve tonnages is relatively small over the
range of block sizes met in practice, but the smaller
blocks are usually valued on a relatively small
number of samples, which do not always provide a
sufficiently close estimate of the true mean value of

such a block;

(iv) arbitrary "cutting" of calculated block values to
varying extents in the different value categories,
thus upsetting the natural distribution of tonnages

in such categories.

The ideal distribution for ore reserve tonnages can,

. . reserves are determined for
be met where, in addition, the ore

t{ more or 2-a
mine. The t
average value
such ideal co
ledge of the
values in the
can, therefor

. 1 .
writer's opin individual/...



individual blocks.*

Ross*” approached the problem of the distribution of
ore reserve tonnages from the theoretical point of view, viz.,
that the ideal balancing point in ore reserve blocking would
coincide with that type of curve which indicated '"maximum
selectivityll over the full range of values. He thus concluded
that the "a" fur the frequency distribution of the values of
ore reserve tonnages should be equal to unity. He also indi-
cated that the distribution for a combination of the ore
reserve tonnages of 23 lease mines could be fitted with a
curve having an "a" ” 1, (after having indirectly made allow-
ance for unpay tonnages not blocked ouc). The latter fit has
been confirmed as reasonable by the author using the graphical
method on log probability paper, but the examinetion of the
ere reserves of a few selected mines indicate that with normal
methods of blocking, the "a" for ore reserve distributions can
be as high as 1.66,(Mine A above), and often exceeds unity.

Taking the case of Mine A, the "a" required within
blocks to result in an »am' of unity, being the ideal suggested

by Ross for the distribution of ore reserve tonnages, can

calculated from No. (4-0).

is estimated at tly 0.92, andit

is mine at any rate, no .ethod
seems, therefore, that on % 1S miné any ’

'a" of unity for the

of ore reserve blocking can ever yield

distribution of ore reserve tonnages.

. however, be improved - see
¢Individual block valuations can,

Chap. VI, par. 9.



In cases where a lognormal curve Is fitted to the ore
reserve tonnages for a mine (after allowance for tonnages below
the pay lim it), and the resultant parameter ,,a” Is not unity,
there is therefore rwb necessarily any cause for criticising
the methods of blocking. Where, however, previous mining
operations have not upset the natural balance between the
various grade categories of ore, any deviations in the distri-
bution of the mean values of the ore reserve blocks from the
theoretical distribution based on No. (41) will in general be
indicative of wrong blocking methods, e.g. irregular cutting
of block values.

4 T Differences Intag Beladya snageg pf (12 o1
g p, strike 'in rid oampj

In dealing with the development sampling results of
the section of Mine A referred to in previous paragraphs, it
was observed that two slightly different curves were obtained
in plotting the frequencies of drive values and of raise values
separately, and that a third curve with an in-between shape
resulted from the combination of these two sets of values.

The same tendency was, on examination, found for a portion of

the section referred to, the results being the followinge-

TABLE 12
i . No. of parameter
Area Slife:f Samp i samples M"
Whole section 42,000,000 Drives 16,934 0.750
SA-TE aises 11,399 0.787
Total 28,33* 0.764
0.787
4,200' x 3,300' -4,500,000 Dr.'/oe 5,960
sq.ft. Raises 3,073 0.833
Totali 9,433 0.803

Comparison/..,

TV



Comparison of the average values for "a" determined
jrom drive values (Table No. 8) with those from stope values on
f4 grid basis (Table No. 10) for similar sJ*e areas, reveals that
here also the "a's" from grid sampli* Scomparable to raises +
drives above) are consistently large those from drive
sampling. The only feasible explanatl vf this tendency
appears to be that the distribution of values along the strike
of the reef is *ablect to a greater actual relative variation,
(i.e. a smaller "a") than that of values down the dip. This
is confirmed by the fact that the distributions obtained for
individual drives gave an average "a" of about 0.83 as against
an average value of about 0.88 for the individual lines of
raises.

It is not known whether a similar ten. oncy will be
exhibited on other mines on the Rand, although it is natural
to expect that on the Par East Band ‘he relative variation
between values along lines parallel to the general shoot
direction, (I.e. lines either wholly inside or outside a shoot)
will be loss than that between values along lines at right
angles to the shoot direction. The general direction of the
shoots on the Far East Rand happens to coincide with the
direction of dip on Mine A (on the West Rand), and it 1.

possible therefore that the tendency concerned will be found to
persist throughout the Wltw.ter.rand field. It Is the writ., -
opinion that If this should prove to be the case, It may dis-
close new avenues of app.oach to the question of the origin a

mode of deposition or introduction of the gold In the

Wlitwatersrand reefs.

rfIAPTER YIA ..
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Compar.i of tha average values for "a" determined
from drive x'.r js (Table No. 8) with those from stope values on
a grid basis (Table No. 10) for similar size areas,reveals that
here also the "a"s" from grid sampling (comparable to raises +
drives above) a in-istently larger than those from drive
sampling. The only feasible e.” anation of this tendency
appears to be that the distribution of values along the strike
of the reef is subloot to a greater actual relative variation,
(i.e. a smaller "a") than that of value.- down the dip. This
is confirmed by the fact that the distributions obtained for
individual drives gave an average "a" of about 0.83 as against
an average value of about 0.88 for the individual lines of
rai-es.

It is not known whether a similar tendency will be
exhibited on other mines on the Rand, although it is nat® P *
to expect ihat on the Far East Rand the relative v-.rlatlon
between values along lines parallel to the general shoot
direction, (I.e. lines either wholly Inside or outside a shoot)
wall be less than that between values along lines at right
angles to the shoot direction. The general direction of the
shoots on the Far East Rand happens to coincide with the
direction of dIf on Mine A (on the West Rand), and It Is
possible therefore that the tendency concerned will bo found to
persist throughout the Wltwatcrsrand field. It 1, the water'd
opln. n that If this should prove to to the cate, It may dis-
close now avenue, of approach to the question of the orlgl- and

mode of deposition or Introduction of the gold In the

Wlitwatersrand reefs.

r*AfTER
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CHAPTER VI

SOME PRACTICAL APPLICATIONS OF STATISTICS
TO MINE VALUATION AND ALLIED PROBLEMS

The Reliability oil Individual Face and Block W.u&tlaas.

As stressed at the outset in Chapter I, paragraph 1,
she individual sample values as computed from assay reSuits
lave been employed throughout, and no attempt has been made to
letermine tne bias errors which nay *a introduced in the actual
physical acts of sampling and assaying. A useful paper on
this aspect was published by Sirhvi* in 1947. The reference
to the reliability of block ana face values in this thesis,
therefore, merely implies that the reliability of acceptinB the
»ean of a limited number of sample values as on estimate of the
nffl-rr* of the relsvant block or fa®°e vilU
be examined. The criterion for measuring reliability uin,
consequently, be the average value of a theoretically Infinite
number of sample sections in the relevant block or stops face.
This av.-age value has been, and will be, referred to as the

true mean value of the block and will only equal the adm i

Of the block where on average no over- or under-

sampling Is carried out.
AS concluded in paragraph 2(f) of Chapter V, the

frequency curves formed by all the sample values within the

average site block, and the same will presumably apply for

a block corresponding to this va uwo ..
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determining the limits of the value categories being expressed

as percentages of the true mean value of the block.

2AS5UL J 3
Value Category - values Percentage of
as percentages of True total values
Mean Value in category
0 tc 10# V#
10# to 20# 10#
20# to 30# 11#
30# to Vo# 10#
Vo# to ?0# 8
50# to 75# 16
754 to 100# 10+
100# to ISu# 13#
150# to 200# 6
200# tv 300# ¥
Above 300# 6#
(a) rw .mnlo par

til* mpl° 11
taken at random from this »»era«o block of ore (or .tope fece),

tbe probabilities of drawln- value falling within these re-

spective value categories -11 be represented by the percent-

ages of values in the various categories, .g.,

the chances

of obtaining a value falling VtMn the range of, say, 75* to

. : « "

meat value, i.e. 1



of about 4 in 10, i.o, loss than an even chance, of not ex-

cesding an error of 507, In other words In an aveyage of

0 th? yalug Qbt91lned will bo In error
more than 50" of the true noan value of the block of ore.

As could have been anticipated, one sauple value as
an estimate of the true block value will therefore serve little
practical purpose.

(b) A fmker,,,2r. "JUBAef PSP bl,ck or 'as?' It la an
accepted fact that the reliability of the determination of amy
quantity increases as the number of individual measurements of
the quantity is increased. In the present case, therefore,
where the true moan value of the block of ore i$ required to be
"measured," the reliability i
the number of sections samm

A method of measuiing the reliaoility of the observed

mean of a set of 1t sample values available in respect of such a
block is provided by the conclusions reached in paragraph 10(a)
of Char,tor III, viz., that the distribution of the observed
means of so.' of N sample values each drawn from a lognormal

population will, for practical purposes, also be logncrmally

distributed with

Variance =

e ore block 1s define y
m2(.2a2 _ n . where m- true mean vliue of block
and a a

- 1.7743m2

. of the sets of sample
the variance of the observed meant

value

where/...

*See Formula No. (9)-



where N “ number of samples per set

and am = parameter of lognormal distribution of

observed means

HP (63)

N, say, equal to 10, am= 1.75
The distribution of thfe observed means of sets c¢

values each will then be as follows

XABL2LJJA

Value Category - values Percentage of total
as percentages of True number or observed
Mean Value of block mean values of sets
of 10 samples each

within the value

. cate& aiz-———————-
0 to 50# TH
504 to 75# 24#
75# to 100# 27#
ioo# to 150# 31#
150# to 200# 8#
Above 200# 3#

From tm s tuuxs.
of ,.t. of 10 sample, each are taken from this particular
block of ore, the chances are that, e.g., 31* =f 111 the
observed mean values of these sets of 10 sample values e».

will be within the range of values from 100* to 150% of the

(13

r....

mean value will be 82*" or, say, 8 In 10.



Following a similar method of calculation for

various numbers of samples per set, the following table of

probabilities was prepared:-

TABLE /b
"an'" for Maximum error either side of true mean
No. of distribu- valuo of block*
samples tion of
per set bserved 10% 20% o
* N weans

Probability percent

22 30 39
42 56 71
55 72 83
65 79 88
71 85 92
80 92 96
90 97 99
97 99 100
99 10C 100
100 100 . 100

E.g., there will be a 5* probability, aay, an even
.hence, of the observed mean of 20 sample values not

being in error by more than 20* either side of the

true mean value.

It becomes clear from this table what -chances" are

samples will be necessary.



the usual number of sample sections 7aliable for an average
ore reserve block and appears nearly astronomical when compared
with the number of stope sampling sections per face, usually
ranging from 10 to 30.

It Is also obvious that the customary practice of
gtartlne and stopping ?tocc faces, or portions of stope faces.
gn the evidence of one, or even two or three, stope sampling*.
rcUft Inevitably result in the stoplne of a considerable torafe. a
nf unnav ore and in the rejection of a fair percentage of, pag
££8e
Example: Consider a mine on which the selection of Its stope
tonnages as pay or unpay, is based in general on the observed
means of, say, 30 samples per working face.

Referring now to the above Table No. 14, it Is
evident that there is little chance of a stope face with a
true mean value of double the pay limit value, (i.e. where the
pay limit m 50)6 of true value of face) yielding an observed
unpay mean value on 30 sample values (since 96* of all the
observed averages of sets of 30 sample values will not bu in
error by more than 50)6). Stope faces with lower /fuc qgan
navable values will, however, all yield a varying proportion
of observed moan valMM based on which such faces would
be stopped a, unpay in spite of the fact that they are actually
payable. Similarly, stops faces with t,nii
will all yield some percentage of iblv'rvf-l rav meyL_valuca

which such faces would be . ..... although actually Uupay.

(¢) L, iHiluii n a~TInf "oiic*' !t 15
,Mve ana-lval.T TfT* * AoA21TIIIr H'ImM "f A~ 9
tlons cor stope UBn fff f*Inf 8b9PIr° -°llcY m



in turn should be based on as large a number of sample sections
per block, as practical../ possible. Such block valuations
could then be relied upon irrespective of any subsequent stope

sampling results based on a lesser number of sections.

(d) The advisability, or otherwise, of continuing with
sampling: The conclusions reached under (c) above
immediately raise the question as to whether stope sampling
should not be discontinued. It might be held that stope samp-

ling serves a useful purpose in the following instancest-jM

(1) Where the reef band stoped is narrow and difficult to
follow, stope sampling serves as a check on the

stoping of the correct band of reef.

(11) Where no block valuation is available, or where it
has in any case been based only on the raise or a
previous stope samplfhg, e.g. in the case of footwall

haulages with practically no driving on reef.

(Il1l) Where stope sampling servos as an overall control on

the grade of ore mined In the mine as a whole.

-tv) Where a sampling of a stope face ts required for the

purpose of blocking out a new ore reserve block.

In the case of (1), regular Inspection by experienced
sampler, with, perhaps, only an occasional check sample, will
scrv the purpose even better than a monthly, or quarterly,
stope sampling. Such Inspections can also cover aspect.
such as the amount of external waste stoped, etc.

As far a, (11" U concerned, » Is a question of

policy and judgment
o— o

have been properly blocked

> would not be preferable to con-

’Q...



-onditions naturally v»lst where a block has been developed

iround Its entire periphery. Mining policies frequently do

not permit of this being done. In such a case where, for

example, little or no driving Is normally clone, It may be pre-
ferable from an economic point of view to resort to stope

driving, since the additional cost, If any, of developing such

drives veil ahead of the working faces instead of advancing the

stope faces without driving, can In many instances be outweighed

by the increased accuracy of selectivity obtained In valuation.

Where practical mining considerations and the general

layout do tot permit of the proper development of a block

before stoning commences, and blocking ha, to be done off
raise, or stope faces only, the continuation of stops sampling

vlll be inevitable, Wt should rather be less frequent with as

large a number of Individual sample sections per sampling as

PO ‘51Cle¢ in the case of (111) above, block value, will, on

HinS

3amplingcouldjuatl-
It Lch c¢.t.1F 4 ana thst

fiably either oe disco- 1 A purpose-ouad U more

the labour at present, employed ofdevelopment

profitably engaged vin(kto a maximum.
sampling section, per ore reserve block



2. Forecasts Qf MW. Grade from Borehole Results.

(a) Confjdense to be placed In borehole results.* Since a
borehole core section can, for practical purposes, be regarded
as a "perfect” sampling section of a somewhat smaller than
"standard" size, the distribution of the values of all the
theoretically possible boreholes which can be sunk on a mining
property should be of th« same nature as that of all the
possible underground sampling section values for the same mine.
Further, as the latter has bo”n shown to be lognormal in form,
with parameters "a" covering (in the cases considered) the
range 0.55 to 0.75,%* a figure of 0.65 being common, it is

lous that the confidence which can on average be placed in

the observed mea" of a number of borehole values will be
rather less than that reflected for specific values of '"N' in
Table No. 14 (which was based on '"standard" size samples and
an "a" value of 0.7). For practical purposes this table can,
however, also serve to indicate roughly the probability of any
specified maximum error in the observed average of the relevant
number of borehole values,

e.g., the probability of the observed roan of, say, 10

borehole valves not being In error by more than 30* of

the true mean value of the mine, Is roughly 55%, !>

there 1. roughly an even chance of obtaining an observed

val-e within 30*% either side of the true mean vale
mean

of the mine.

Reference to Table Ho. 14 Indlcat.s

rri:rrL r:L ::rr:5;"

question of lrc°% P*"."lcnse®°wnt*y imply only values
linedOfrol*complete core recover lee.

mter V. paragraph 20 ).



extent, from 5 to 10, an increase in the number of boreholes
beyond 10 requires to be considerable to be of appreciable
additional benefit.

(b1 Additional confid”"g firfm Reflections:  The
problem of deflections was approached practically by regarding,
e.g., two adjacent development sampling sections (with sampling
at 5 ft. intervals) as being equivalent to a borehole section ¢
1 deflection, and three consecutive sampling sections as being
eouivalent to a borehole + 2 ief *'tions.

The drive sampling r . ,..s in a portion of Mine B
were employed for this purpose, the area measuring 6,TOO* on
strike x 4,000' on dip. The distribution of the irdividual
sample section values (equivalent to boreholes) was first
determined, followed by that for the observed means of all the
pairs of adjacent section values (equivalent to boreholes + 1
deflection each), and then by the distribution for the observed
means of sets of three consecutive sampling section values

(equivalent to boreholes + 2 deflections each). The results

were as follows:-

Distribution of single sample values: 0.651
Distribution of means of 2 adjacent sample_ 0.716
Jietribution of means of 3consecutive®"”.e 0.74

The variances of these three distributions will be:*

(i) Single sample values: <-2538 m wnere g lon of
Mine B concerned

(11) Means of sets of 2:1.652 n2

(ill) Means of sets of 3*1IU74 m
Now, r.f.rring to No. (24), th. varl.no. of th. dl.-

trlbutlon of the means of set. of N random sample values drawn

from/..*

¢Formula Ifo. (9).



from No. (i) above can be accepted as
B2 (64)

and similarly for N random sample values (\im (11)

and (111), the variances will be

and P21 respectively

Now, since N sample values drawn from (1) can be

compared with N borehole values in a mine, N sample values
from (11) with the values of N boreholes, each with one
deflection, and N sample values frc” (ill) with the values of
N boreholes, each with two deflections, and as two lognoru¥*j.
distributions with the same mean value and the same variance
will be identical, the variances in Nos, (64) and (6v> above

can be equated in order to determine t' e relative "N' values

for equivalent confidence limits, e.g.,

The means of the values in sets of 20 boreholes + 1 de-

flection each will be distributed with variance
. 1¥6S2-n£ » ,08Il16 nm2
and the mnans of the values of N single boreholes wilx be
distributed with variance
For these two variances to be identical

0826 nm -

and N * 27.3

value ¢ 27 single boreholes.

Y 2 r r 2 r 7 - .r



which will,on average,

conditions stated.

Boreholes without

deflection(s)
\.36 say 1
73 1 3
6.82 N 7
136 N 14
273 T 27
682 I 68
136 b T 136
1.53 say 2
3.1 " 3
76 1 8
153 1 15
30.0 M 31
76.4 N 76
1529 T 153
e.g.,

yield equally reliable results under the

Boreholes v Boreholes with 2
deflection deflections each

10
20
50
100

10 boreholes each with 1 deflection will yield,

on average, as reliable an Indf -atlon of the true wean

value of the mine a, 14 single boreholes.

Tt is evident from the above that even 2 deflection,

a borehole are not equivalent In v.lu* for confidence cur-

es, to an independent separate borehole. This table will

lously only apply where conditions on * sine will be Iden

.1 to those on Mine B, out a similar Investigation .or Mn

where conditions are radically different ~».what

septlonal ("a" for large section of mine m .764, a r

palrs/e ee



pairs of development values a ,948)* shows that the general
indications in the above table will not vary overmuch from
mine to mine, e.g. on M , A, 10 theoretical boreholes each
with 1 deflection will on average be equivalent to 18 theo-
retical boreholes without deflections.

(C) The, affect of the distance, nf; a <ttq” Uon from the
original intersection: The question naturally arises to what
extent borehole + deflection results can be rendered more use-
ful by spacing the deflections further apart than the 5 feet on
which the above investigations were based.

Based on the development values of the section of
Mine B already referred to, the type of invest',ation outlined
above was repeated, and the variances of the distributions of
the observed mean valves of pairs of development values S50f and
100° apart, respectively, were determined (on log probability

paper), and also '"or sets of 3 consecutive values at ICO*

intervals;

Distribution YfFlaass

Means of 2 values 50' apart (equivalent I3 1A7W nr
to borehole + 1 deflection 501 away)

Means of 2 values 100' apart (equivalent 72 1.31u n2
to borehole + 1 deflection 10C' away;

Means of 3 values at 100' intervals 795 1.206 np

(equivalent to borehole + 2 daffections

100" on either side)
Adopting the previous line of argument, the theoreti-

cal "value" of deflections in norms of the equivalent number of

independent boreholes'* for a mine vhoro conditions are

apprcxlmately/...
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approximately similar to those on Mine B, will bo as follows

Deflection Number of Equivalent
Efi. - Distance
1-5"'" away .36
2 - 5¢ away (eitherside)
I - 0" away .53
1 - 100* away 72
2 - 100" away (either side) .87

Depending, therefore, on the depth of the reef, an<
the relative costs of a new borehole ajid of the type of deflec-
tions listed above, the advisability of sinking a new borehole,
or of resorting to deflections, can be weighed against one
another on relative merit and cost. In doing this, it must,
however, also be born< In mind that boreholes are not only
required for valuation purposes, but also for examining reef
continuity, geological structures, faulting, etc.

(d) General concl*”vn? the * er - or QVOI-
estimation of %mn?'* valuefrom__toreh9i9 r@au26l: Referring
again to Table No. 13, which can also serve as a rough indica-
tion of a typical distribution ci borehol values In a mine, It
Is evident that 6#+ of the individual borehole values can, on
average, be expected to have a value lower than the
value of the mine, and consequently, that If one borehole only
is sunx on a property, the chances are 69 against 31 In favour
of the borehole value obtained being lower than the true mean
value for the mine. In evors;, UWWL:
¢, . ,in,ie bor3Mis_mlir WH

of the trio OT™n Ynm 9f the-mlIGfl.
Where more than one borehole la drilled, the odds In

of obtaining too low a valve will decrease gradually,
avour



bu' will only disappear when an infinite number of boreholes
are drilled. The following provides a direct indication of
the odds in favour of too low an indicated value for a mine

based on various numbers of boreholes drilled

TABLE 16%*

No. of Approximate Odds in
boyeholes favour of too low an
drilled indicated value

1 2 to 1 (69%)

5 3 to 2 (61%)

10 53 to 4?7 (53%)

20 52 to 48 (52%)

With an "a" of less than J.7, vnich is quite common”
the odds will be somewhat greater than those listed above.

It Is therefore clear that borehole raswUfl-yUl la
the majority of cases tend to indicate too low an av@r#g]
value.»» but that the odds_in faveiiy QS.llls,, praftig*lly dW,

pear when the number of boreholes drilled. QP a

3. Blas Errors I1mtroduced Ih Mine Valuation due to the Limits
Number of Avalla tie .

(a) Bias errors in dlfforart, Ope RoaorYS YAIU? MUgQXIU'
For the purpose of illustrating the extent vO whinh such bias
errors can b« Introduced, the following theoretical case in

vnich conditions as assumed roughly approximate those on

Mine C, will be considered.
Consider s developed section of a mire fully blocked

cut, the true values of the various block tonnage, of ore being
distrioutod/...

ased on Formula No. (2 ). te cor6 rtetioverles,



retribution of meana qf 60 _<iampl«<B pe block.

value category 255 295 395 495 5.95 6.95 7.95 8.95
ETX limits-dwt3
now
%Freq. 12.57 19.21
Mean 11.20
values
22.03 12.67
20.74 9.44 3.94

1.00 4.45: 5.45

10.06

0.14,0.51

Mean of 3.191 3.70
true val-

ues in

columns

Theoreti- N "
cal Block 100 96 94* Q4%

Flan Factor

4.571 5.40

ﬁ.clgl.'Fa.l 106* KB8* 105+ tIb'i*

Mine C



distributed (logr.ormally with "a" - 1.648, and mean = 4.90
dwts/ton) in the value categories as shown in column No. 1A of
Table No. 17.*

The distribution of sample values within each block
of o.'e (assuming equal "a's") follows a lognormal curve with
parameter "a - .65, andan average of 60 sampling sections are
available for estimatingthe true mean value of each block.
The observed moans of all the possible selections of such sets
of 60 samples from each block can. therefore, in turn be re-
garded as lognormally distributed with parameter "a*" obtained

in solving the equation

A i
i.e. ax - 3.672

Consider row the category of blocks having a true
mean value of 2.75 dvrts (i.e. row No. 2), If these blocks are
now sampled one by one to the extent of 60 samples per block,
the means of the sets of sample values so obtained wJIl be dis-
tributed lognormally with parameter "a" = 3-672 and mean
value = 2.75 dwts/ton as shown by row No. 2 in this table,
e.g. of the total of 7.10* of the mine tonnage in this value
category, only 2.02% will yield W CTtttl values In the cate-
gory 2.55 to 2.95 dwts/ton, 2.06% will yield W 1SaW values
in the category 2.95 to 3.95 dwts/ton; etc. In this way the
complete distribution of the block tonnages In th. various
value categories based a the mean, of sets of 60 value, per

block can be determined at Indlcal 1 by .11 the row, (Nos. 1

to 9).

A study of Table No. /7 now r-veals that on sampling
as stipulated, the tonnage in, e.g., the value cat.-
gory 2.95 to 3.95 dwts/ton (column No. 3) *»11 and

w ill/

* See opposite.
**See Chap. 111, .1 .
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will actually consist of

0.81% with a true value of 2.12 dwts/ton

2.06$ i n I I it 2.75 n ii

12679 & I M

I 0 346 it it

281 . n n I n 443 M I

1.00$ n» W n I H 54y 1 I

0.07¢ i i it 1 H g41 M

Total! 22.42$ with a true mean I I

value of 3.70

In a similar manner the true valu®* of the blocks
falling in the other ”indicated" value cate® -ies can be
determined and are shown in row No. 10. But the indicated
average values <: the blocks witnin these categories,as ob-
tained from sampling results, will be the values lying approxi-

mately halfway between the respective category limits* as

shown in row No. IB. Comparing now the values in this row
with those in row No. 10, it is obvious that

based on a limited number.4f aampl” Vill MSUlt-1B
thH under-vaiuation of 1n ItV iM [ **%=
gorios and of hlockg In Thf hl Kb WftAe

oatatorles.

Now, it is a wellknown fact on most mines on the
Witwat.rsr.nd that vh.n ore reeerve block, are ex.racted, th,
re,olt, from block, valued a, high grade are on average dl.ap-
pointing, wherea, r.,ult, from block, valued a, low grade on
average exceed expectation,.” The beat meaeorc of thee.

phenomena is provided by thJ Block Plan Fac:ors observe

various/..

a lognormal curve to the

calc lation from formu . f block values is done.
-Applicable only where no cutting

L

A S



various categories, those for Mine C being listed in low No.12
(Table No, 17). The question naturally arises why current
stope sampling can be accepted as a criterion for criticising
ore reserve valuations in the various categories, but the ex-
planation can readily be supplied. Take, for example, the
blocks as valued in the category 2,55 to 2,95 dwts/ton

(column 2, Table 17), and in fact comprising a range of blocks
wltb true values in the categories from 0 to 4,95 dvrts. The
current face samplings in respect of these blocks (based on an
even smaller number of samples per block than in the case of
block valuations) will err on either side of the true values in
the range 0 to 4.95 dwts, but the mean of all such samplings
(particularly over a whole year of operation) will provide a
reasonable estimate of the true xean value of the combination
of blocks under consideration.*

(b) Block Plan Factors in value Sfifl
theoretical: The theoretical Block Plan Factors in row No. 11,
Table No. 17 (i.e. true values in row 10 divided by indicated
values in row IB) can now be compared with the observed Block
Plan Factors (in the various value categories) for Mine C (-ow
No. 12), where the conditions assumed in the table are roughly
approximated. The agreement Is sufficiently close to indict,
that the contention,, on which the calculation of the theoreti-
cal Block I' -tors was based probably provide the solution to
the problem of the variation in the Block Plan Factors a,

observed in the various value categories.

A shorter and more exact method of arriving at the
theoretical Block Plan Factors is provided by the > 1-f l-eati-
ation into lognormal correlation and lines of regress-on n

Chapter I1I, paragraph IS and the application of formula

No. 59(b). The/...

, samples '"taken inlhe category is
*Provided the total nU*!j®r ph i above,
sufficiently large - see per K
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